Introduction: There is very little insight into the psychosocial characteristics of young adults susceptible to waterpipe tobacco use and their reactions to messages about harms of waterpipe tobacco smoking (WTS). We investigated how young adults who were or were not susceptible to WTS differed on various characteristics and their reactions to messages about WTS harms. Methods: Young adults ages 18 to 30 who had never used waterpipe tobacco were recruited through an online crowdsourcing site. Participants were stratified on susceptibility status (susceptible or not) and randomized to receive messages about harms and addictiveness of WTS or a control condition that received no messages. Participants' perceptions of risk and worry, their attitudes toward, and willingness/curiosity to try WTS were assessed. Results: Compared to nonsusceptible participants, susceptible participants perceived themselves to be at lower risk and worried less about harms and addictiveness of WTS, had more positive attitudes toward use, and expressed a greater willingness and curiosity to try it. Among susceptible participants, messages decreased willingness/curiosity to try WTS; messages had no effect on nonsusceptible participants. The message effects among susceptible participants were explained by more negative attitudes and less ambivalence toward WTS. Conclusions: Susceptible young adults' psychosocial characteristics place them at high risk for future uptake of WTS. Brief public health messages about harm and addiction may deter susceptible young adults' willingness to try WTS and prevent WTS initiation and progression. Implications: Findings suggest that in order to curb the initiation of WTS among susceptible young adults, interventions should target risk appraisals and attitudes toward WTS.
Introduction
A waterpipe is a nicotine delivery device in which tobacco smoke passes through water before it is inhaled. Epidemiological and laboratory data suggest that waterpipe smoke is no less dangerous than cigarette smoke. 1, 2 For example, waterpipe tobacco smoking (WTS) is related to cancer, poorer pulmonary function, and heart disease. 1, [3] [4] [5] [6] Despite the health risks and addictive potential, 7 WTS continues to spread in the United States among young adults. [8] [9] [10] For example, in the 2012-2013 National Adult Tobacco Survey, prevalence of WTS was 18.2% among 18-24 year olds. 11 Young adults are a particularly important group to target before the establishment of WTS sets in. Indeed, young adulthood remains a critical time in the development of tobacco use risk-taking behaviors, 12 to greater experimentation with alcohol and other substances and the lack of effective antismoking campaign messages for this audience, 13 especially concerning WTS. Efforts to curb the rise of WTS would benefit from interventions targeting young adults who do not use waterpipe tobacco yet and are susceptible. That is, persons who do not adamantly oppose WTS and may be open to WTS in the future. Indeed, in a prospective study that involved 964 university students who responded to a four-item susceptibility measure modified after the measure of Pierce and colleagues, [14] [15] [16] nearly 27% were found susceptible to WTS. 17 Of importance, those found susceptible had 2.5 the odds of trying waterpipe the following year compared to those who were not susceptible. 17 Thus, the proportion of susceptible young adults at risk of WTS uptake is not trivial, merits investigating, and requires intervention.
Intervention processes and contents to derail susceptible individuals from WTS are unknown, partly due to the very limited understanding of what psychosocial characteristics (eg, knowledge, attitudes, perceived risk, social acceptability, efficacy beliefs) potentiate WTS among these individuals versus those who are not susceptible. Two studies provide some insight. Barnett and colleagues 18 assessed WTS susceptibility among students at one university (N = 852), using the question: "Do you intend to smoke tobacco from a hookah sometime in the rest of your life?" Students were classified as susceptible if they responded with anything other than "definitely no." Capturing the constructs from the Theory of Reasoned Action, 19 they found that greater susceptibility (ie, WTS intentions) was associated with positive attitudes and the normative belief that "hookah is socially acceptable"; lower susceptibility was associated with beliefs that hookah is addicting and harmful. Further, Nuzzo and colleagues (using the same sample) reported the relationship between factual knowledge of the harms of WTS and susceptibility. 20 While susceptibility was unrelated to overall knowledge, it was associated with responding with a "don't know" to several of the knowledge items (eg, "which has more nicotine?"). Overall, the extant literature suggests that individuals susceptible to WTS possess more positive and less negative attitudes toward the product and lack information about harms and addictiveness. As addressed in this paper, confidence in these results would be strengthened by generalizing findings to populations not limited to college students, using a more robust multi-item susceptibility measure, 17 and conducting controlled experiments to isolate constructs that potentiate WTS use between individuals who are and are not susceptible.
Individuals susceptible to WTS may lack information about its harms and addictiveness. Limited knowledge may translate into lower perceived risk and worry about harms and addiction-constructs deemed important in predicting intentions and behavior change. 21 For example, among college and noncollege WTS users, brief public health messages about harms of waterpipe have been shown to influence perceptions of risk and worry about harms of WTS and increase intentions to quit. 22, 23 Among susceptible individuals, these messages should have similar effects. Further, messages should lower willingness and curiosity to try WTS in the future. Whether in this population such messages influence overall risk appraisals (eg, perceptions of risk and worry) and attitudes toward WTS remains to be seen. We tested if the above-hypothesized effects were supported.
In sum, this study consists of young adults who have never used waterpipe tobacco and are or are not susceptible to WTS, to examine two critical areas in need of data. First, we examine, utilizing the Theory of Reasoned Action and work on risk appraisals, which constructs (ie, attitudes, norms, perceived risk, and worry) differentiate between young adults susceptible or not to WTS. Second, we compare the extent to which a brief public health messaging intervention on harms and addictiveness of WTS versus no intervention influences willingness/curiosity to try WTS in the future and their psychosocial determinants. The main hypotheses are as follows:
Hypothesis 1
Compared to individuals not susceptible to WTS, susceptible individuals will: (1) have lower perceived risk and worry about the harms of waterpipe and of becoming addicted (ie, risk appraisals); (2) have a more positive global attitude towards WTS; (3) perceive greater social acceptance of WTS; and (4) express a stronger willingness/curiosity to try WTS in the future.
Hypothesis 2
Interactions will occur between susceptibility status (susceptible or not) and receipt of messages about harms and addictive potential of WTS (no/yes). Among nonsusceptible individuals, we expect the intervention will not influence any outcome. Among the susceptible, we expect the intervention will result in heightened perceptions of risk and worry and a lower willingness to try WTS compared to the control.
Methods

Setting and Sample
Participants were recruited in December 2015 through Amazon Mechanical Turk (AMT), a crowdsourcing Internet marketplace designed to efficiently gather data from a large group of respondents. 24 Studies demonstrate AMT's validity for behavioral and consumer product research, including studies of tobacco use 23, 25, 26 and other behaviors. 27 Using AMT, researchers collect data using human intelligence tasks, which interested AMT members can choose to complete. The study task involved completing an online survey with exposure to WTS messages based on the experimental conditions described below.
Following a brief description of the study, AMT members residing in the United States who were interested in participating reviewed a complete study description with a link to the online consent form and eligibility screener. Individuals between 18 and 30 years of age who reported never using waterpipe tobacco were eligible to participate. Age and waterpipe tobacco use eligibility criteria were assessed using screening questions derived from population-based surveys 11 and previous research on waterpipe tobacco use. 17, 22, 23 To ensure approximately equal numbers of susceptible and nonsusceptible participants randomized to the experimental conditions, recruitment was stratified into two tasks that were identical but with eligibility based on susceptibility status (susceptible and nonsusceptible, respectively), in addition to the age and waterpipe tobacco use criteria. 25 Thus, after answering screening items about age and waterpipe tobacco use, potential participants completed a four-item measure of susceptibility to WTS. 17 Participants were considered susceptible if they gave a response other than Definitely No to any item. Participants responding Definitely No to all items were considered to be nonsusceptible.
Eligible, consenting AMT members proceeded to the online experiment. Participants completing all study procedures were provided a small monetary credit through AMT. The Georgetown University Institutional Review Board approved the study protocol.
Procedures
Prior to randomization participants answered initial questions about demographics and tobacco use behaviors. Then, based on an algorithm within the online survey, within each susceptibility stratum (susceptible or not) participants were randomized in approximately equal numbers to either the control or experimental condition. Participants randomized to the control condition completed measures only and did not view any messages on WTS. Participants in the experimental condition viewed online messages about the harms and addictive potential of WTS. Messages were presented within the online survey as slides that participants self-advanced. Participants viewed a total of six slides that, other than the title and reference slides, described: (1) potential health harms of WTS and levels of harmful chemicals contained in waterpipe tobacco smoke relative to cigarettes, and (2) nicotine levels from WTS that can lead to addiction and described research evidence that users indicate they are hooked on WTS. Messages were used in a prior trial conducted using AMT involving young adult waterpipe users, 23 and shown to increase knowledge of harms, perceived risk and worry, and desire to quit WTS. Participants were instructed to read the slides carefully and allowed to view the content for as long as they wished.
Measures
Demographics
Demographic characteristics assessed included age, gender, race/ethnicity, whether participants were current college/university students, educational attainment, and employment status.
Other Tobacco Product Use
Cigarette smoking was assessed using epidemiological survey items, with current smokers defined as those who had smoked ≥100 lifetime cigarettes and now smoke every day or some days. 11 Among current smokers, a single item was used to assess the number of cigarettes smoked per day. Participants also reported past month use of large cigars, little cigars/cigarillos, smokeless tobacco, and electronic cigarettes based on a single item for each product. 11 We considered noncigarette tobacco use to include use of cigars, cigarillos, smokeless tobacco, and electronic cigarettes.
Outcome Variables Perceived Relative Harm and Addictiveness.
To assess degree of harm and addictiveness of WTS relative to cigarettes, we posed two questions: "Compared to regular cigarettes how harmful do you think waterpipe tobacco use is?" (1 = much less harmful to 5 = much more harmful); and "Compared to regular cigarettes, how addictive do you think waterpipe tobacco use is?" (1 = much less addictive to 5 = much more addictive). The two items were summed and averaged (r = 0.58, p <.001).
Risk Appraisals (ie, Worry and Perceived Risk).
Perceived risk of WTS was assessed by asking "What do you think is your chance of getting a serious smoking-related disease, such as cancer, lung disease, or heart disease, if you were to smoke waterpipe tobacco?" (1 = no chance to 7 = certain to happen). Worry about harm was assessed by asking "How worried would you be about getting a serious smoking-related disease, such as cancer, lung disease, or heart disease, if you were to smoke waterpipe tobacco?" (1 = not at all to 7 = very). Perceived risk of becoming addicted was assessed by "What do you think is your chance of becoming addicted to nicotine in tobacco from waterpipe if you were to smoke it?" (1 = no chance to 7 = certain to happen). Worry about becoming addicted was measured with "How worried would you be about becoming addicted to nicotine in waterpipe if you were to smoke it?" (1 = not at all to 7 = very). A factor analysis revealed that all four items loaded on the same factor (alpha = 0.82). Hence, the four items were summed and averaged.
Attitudes Toward WTS.
A global evaluation of WTS was assessed using four bipolar items: positive/negative, like/dislike, good/bad, desirable/undesirable (scored 3 to −3). 28 Items were summed and averaged (alpha = 0.94). A negative score represents a stronger negative evaluation of WTS.
We also assessed felt attitudinal ambivalence towards WTS using three items that captured having mixed feelings, felting torn, and conflicted about WTS. Response anchors were from 1 = strongly disagree to 7 = strongly agree. Items were summed and averaged (alpha = 0.93).
Social Acceptance of WTS.
This was assessed by, "How socially acceptable is tobacco waterpipe smoking?" (1 = not acceptable to 7 = acceptable).
Willingness/Curiosity to Try Waterpipe.
We created a measure that captured the essence of what is means to be susceptible, that is, a willingness to try tobacco, that included an assessment of curiosity because adding this concept to existing susceptibility measures improves predicting tobacco use. 29 Thus, the willingness/curiosity measure was composed of four items: (1) "How tempted are you to try waterpipe tobacco smoking within the next year, just for the experience?" (1 = not at all to 7 = very tempted); (2) "How curious are you about trying waterpipe tobacco smoking" (1 = not at all to 7 = very curious); (3) "Do you see yourself smoking tobacco from a waterpipe within the next year, just to see how it's like?" (1 = definitely not to 7 = definitely yes); and (4) "If you were with friends and they offered you to smoke waterpipe within the next year, how likely is it that you would try it, even a puff?" (1 = no chance to 7 = certain to happen). All items loaded on a single factor (alpha = 0.94); they were summed and averaged.
Evaluation of the Messages.
Participants who received the messages were asked the extent to which they agreed the information on the slides were relevant and believable (1 = strongly disagree to 7 = strongly agree). Further, to examine engagement, they were asked how much mental time and energy they placed on reading the information (1 = very little to 7 = a lot).
Statistical Analysis
Bivariate analyses confirmed that no participant characteristics differed at p <.05 between the experimental and control conditions, thus none were included in multivariable analyses. However, given the prevalence of cigarette smoking in the sample and the potential influence on susceptibility to WTS,included as a covariate in all models. Analysis of covariance was used to determine whether outcomes differed by susceptibility status, study condition, and their interaction. Least-square means were examined for significant main and interaction effects using Tukey's adjustment for multiple comparisons.
Mediation analyses were conducted to examine whether observed differences by study condition in willingness/curiosity to use waterpipe tobacco in the future could be explained by risk appraisals, social acceptability, attitudes, and ambivalence toward WTS. These analyses estimated the direct and indirect effects of experimental condition on curiosity/willingness to use waterpipe tobacco among those who were susceptible to WTS, following recommended methods. 30 Indirect effects were estimated using a bias-corrected bootstrapping approach with 1000 resamples to address non-normality in the product of coefficients. 31 Asymmetric 95% confidence intervals (CIs) around estimates that do not include zero indicate statistically significant indirect effects. 31 Mediation analyses were conducted using Mplus 7.1 (Los Angeles, CA); all other analyses were conducted using SAS 9.3 (Cary, NC).
Results
Sample Characteristics
Overall, 4129 AMT members provided a valid response to eligibility screening questions, 508 (12%) of whom were eligible and completed the study. Table 1 displays the sample characteristics. On average, participants took 7.0 mins to complete the study procedures (standard deviation (SD) = 6.4, Median 5.5); time to complete procedures was significantly greater for participants in the experimental condition (mean (M) = 8.1, SD = 7.0, Median 6.6) than participants in the control condition (M = 6.0, SD = 5.6, Median 4.7, p < .001). Participants averaged 25.3 (SD = 3.2) years of age, about half were male (49.9%), most were White (80.1%), and most completed at least some college education (86.8%); about 41% were students. With respect to other tobacco products, close to 20% were current cigarette smokers (M = 7.1 cigarettes/ day, SD = 6.7), while about 12% used another tobacco product. We obtained roughly an equal number of susceptibility and nonsusceptible participants. There was between 120 and 140 participants per cell.
There were no differences in participant characteristics across experimental conditions, indicating successful randomization. However, compared to nonsusceptible participants, those who were susceptible were more likely to smoke cigarettes (33.7% vs. 6.5%, p < .001) and use other combustible and noncombustible tobacco products (19.4% vs. 5.4%, p < .001). Given that current (35.0%) and former (24.6%) smokers were also more likely than nonsmokers (3.7%) to use other tobacco products (p < .001), we covaried smoking status in multivariable analyses as noted above. Data display N and % unless otherwise indicated. Noncigarette tobacco use includes use of cigars, cigarillos, smokeless tobacco, and electronic cigarettes. Some totals do not add to the sample n or n within condition due to sporadic missing data (<1% of cases for any variable). M = mean, SD = standard deviation.
Evaluation of Messages
Participants who received the messages found the messages to be somewhat relevant (M = 4.1, SE = 0.12), believable (M = 5.9, SE = 0.07), and spent a fair amount of mental energy reviewing the messages (M = 5.6, SE = 08). There were no differences by susceptibility status expect for relevance. Participants who were susceptible viewed the information as more relevant than nonsusceptible participants (M = 4.7, SE = 0.19 vs. M = 3.8, SE = 0.21, p < .001).
Psychosocial Characteristics by Susceptibility Status
Item means between participants who were susceptible and not susceptible to waterpipe on the psychosocial characteristics are presented in Table 2 . Consistent with the first set of hypotheses, compared to the not susceptible, susceptible participants: (1) viewed WTS are less harmful and addictive than cigarettes; (2) perceived themselves to be at lower risk and worried less about harms of and becoming addicted to waterpipe; (3) had a more positive, albeit still negative, overall attitude towards WTS; (4) felt more ambivalent; (5) deemed the product more socially acceptable; and (6) expressed greater willingness/curiosity to try waterpipe.
Effects of Messages
We predicted that among nonsusceptible participants, messages about harm and addiction would have little to no effects on the psychosocial outcomes; messages would have effects on susceptible participants. Table 2 presents the main effects comparing the control versus experimental condition on the psychosocial characteristics. Table 3 displays results of the interaction between experimental condition and susceptibility status. Providing educational messages versus the lack thereof had several main effects. Compared to participants who did not receive any messages, those who did were: (1) less likely to view WTS as less harmful and addictive than cigarettes; (2) rated themselves at higher risk and reported more worry about the harms and of becoming addicted; and (3) reported a stronger negative attitude towards WTS (see Table 2 ). There were no differences for willingness/curiosity to try waterpipe.
The interaction between messaging condition and susceptibility status revealed only one significant finding. Susceptible participants who received the educational messages reported lower willingness/ curiosity to try waterpipe compared to susceptible participants who did not receive any messages. Among nonsusceptible participants, messages produced no significant effects. Given these findings, we explored which psychosocial characteristics may explain the results via mediational analysis.
Mediational Analysis
Results of the mediation analysis among susceptible participants are shown in Table 4 . The direct effect of study condition among susceptible participants was no longer significant. However, there were statistically significant indirect effects; the observed differences in curiosity/willingness to try WTS among susceptible participants based on study condition were explained by more negative attitudes (β = −0.33, 95% CI = −0.60, −0.16) and lower ambivalence (β = −0.06, 95% CI = −0.18, −0.01) toward WTS among susceptible participants in the experimental condition versus susceptible participants in the control condition.
Discussion
In this study, we addressed two issues that have received very little attention in the waterpipe tobacco literature. The first issue is characterizing young adults who are susceptible to WTS outside of college settings-importantly, our results were not moderated by level of education or being in college or not. Second, to the best of our knowledge, we examined for the first time effects of a risk communication intervention to modify risk appraisals, attitudes, and beliefs that may result in WTS among susceptible young adults. Results point to several psychosocial characteristics that place susceptible versus nonsusceptible young adults at higher risk for WTS uptake, including: underappreciating the harms and addictive potential of waterpipe (ie, risk appraisals); less negative evaluations of waterpipe (ie global attitude); and importantly, a stronger willingness/curiosity to try WTS. Viewing WTS as safer than cigarettes, and more positive and less negative attitudes toward WTS have been linked empirically with WTS. 8, 32, 33 These findings point to crucial factors to target with public health efforts to curb WTS uptake among susceptible young adults.
In this spirit, we examined how messages about harm and addiction of WTS influence at the very minimum risk appraisals. The decision to use messages about harm and addiction is based on findings that college students who are susceptible more often report not knowing facts about product harms than students who are not susceptible. 20 As predicted, messages were found effective in heightening perceptions of risk and worry (ie, risk appraisals) as well as producing more negative evaluations of WTS. Importantly, these messages lowered willingness/curiosity to try WTS among participants deemed susceptible only. This effect was mediated by more negative attitudes and less ambivalence toward waterpipe tobacco, the latter interpreted to mean participants felt less conflicted about not trying WTS.
Study findings have potential implications for public health efforts to prevent WTS among young adults, a group where the prevalence of waterpipe tobacco use is at its highest at the population level. For example, under the Family Smoking Prevention and Tobacco Control Act, the Food and Drug Administration (FDA) is authorized to regulate tobacco products and is engaged in public education about the potential harms and addictiveness of tobacco product use. 34 Ongoing public education efforts include the FDA's "The Real Cost" mass media campaign targeting youths who are susceptible to cigarette smoking with persuasive smoking prevention messaging conveying the potential harms and addictiveness of cigarettes. The FDA's enacted new "deeming rule" brings waterpipe tobacco and other unregulated products under the agency's regulatory authority. 35 The rule now positions the FDA to engage in public health messaging about the potential harms and addictiveness of WTS. Our data suggest such messaging targeting susceptible young adults and conveying the harmful and addictive nature of WTS may have an impact for preventing initiation in this vulnerable group.
There are several study limitations. First, results of AMT users may not be representative of the general population. Indeed, our sample was mostly White and highly educated. The methods used to recruit an appropriate sample of susceptible and nonsusceptible participants also required us to screen a larger number of potential participants and led to a somewhat lower eligibility rate than similar studies conducted using AMT. 23, 25 Second, our risk perception items did not specify frequency of waterpipe use or length of time (eg, lifetime risk) for occurrence of being harmed or of becoming addicted. Third, we did not assess uptake of WTS prospectively.
One can question whether such a brief intervention would have any long-term effects. What may be required to buffer against uptake is delivering booster messages. Fourth, the messages only focused on harm and addiction. In order to obtain at least moderate effect sizes, interventions will likely need to target several constructs, as suggested herein. However, to find that such a minimal intervention can have any effect, admittedly small, is itself promising and suggests that these messages could be a useful adjunct to larger multicomponent messaging interventions. Indeed, the present effects closely mirror those found in a prior study with waterpipe users that employed the identical messages. 23 As such, these risk messages may have significant effects across populations and WTS status (ie, current users, susceptible nonusers).
Despite these limitations, findings reinforce which variables may need to be targeted to reduce uptake of WTS among susceptible young adults. Among these, we present the first evidence to suggest that brief risk messages about harm and addictiveness can reduce willingness/curiosity to try WTS, a concept akin to and incorporated in susceptibility measures. 29 Future experiments should investigate whether these risk messages, with or without targeting other constructs (eg, social acceptance, attitudinal ambivalence), deters the uptake of WTS in this high-risk population.
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